INTRODUCTION
an input gene/protein set, genes are mapped into the subnetworks of each annotation database. 84 NETGE-PLUS allows to perform: (i) ORA, thorough the Fisher's exact test and (ii) GSEA, through 85 a Kolmogorov-Smirnov-like statistic, as described by Subramanian et al. [1] and re-implemented 86 using the Python2.7 package GSEAPY (v0.9.4; https://pypi.python.org/pypi/gseapy). For GSEA we 87 use a weighted enrichment scoring statistic and 100 permutations. Standard enrichment analysis 88 includes only annotations of seed nodes in each subnetwork while the network-based one includes 89 seeds and their connecting nodes. For multiple testing correction the user can select either the 90 Bonferroni or the Benjamini-Hochberg (False Discovery Rate, FDR) procedures [10] . 91 92
Implementation of the web server 93
The web server runs on a web2py engine (http://www.web2py.com/) and it is optimized to work 94 with all common web browsers. The analysis runs asynchronously: upon request submission, the 95 server displays a book-markable page that is periodically updated until the job completion. A link to 96 the result page is given to the user as soon as the job is completed. 97
The final visualization of the results exploits the Graphviz library (http://www.graphviz.org/) for 98 laying out the acyclic directed graphs for both Gene Ontology, KEGG and REACTOME. KEGG-99 better understand the overall organization of all the pathways, we exploit the information contained 139 in the links among different KEGG maps by defining KEGG-NET. When a set of genes enriches 140 different KEGG pathways, the most related connecting pathways are determined by computing the 141 pairwise shortest paths through the links. Since the pathway network is highly connected, we retain 142 only the paths with a maximum length equal to 2 (no. of edges). KEGG map01100 (whole 143 metabolism) and the disease-related maps are not considered in this procedure, because of their 144 dense connectivity. In this way, NETGE-PLUS users have the possibility to quickly understand 145 which biological dependences exist among the enriched pathways. 146 147
Non-alcoholic fatty liver disease: a case study involving the KEGG-NET resource 148
In the following, we deal with a specific case study that is also described in the online tutorial. 149
We make use of the KEGG-NET resource to dissect the biological complexity of the Non-alcoholic 150 Fatty Liver Disease (NAFLD). Defined as a genetic-environmental-metabolic stress-related disease, 151 NAFLD is a pathology characterized by an excessive fat accumulation in the liver even in the 152 absence of alcohol consumption. NAFLD encompasses a spectrum of diseases, from simple 153 steatosis to non-alcoholic steatohepatitis (NASH), which can progress to cirrhosis and 154 hepatocellular carcinoma. There are also increasing evidences that NAFLD represents the hepatic resistance, diabetes, hypertriglyceridemia and hypertension [13] . Moreover, several studies have 157 identified many genetic variations that may be associated with the development of NAFLD [14] . 158
The analysis of the 28 NAFLD-related genes highlighted a total of six over-represented pathways 159 (Table 2) , three detected via the standard enrichment analysis while other three added by the 160 network-based procedure. 161
The pathways over-represented by the standard method are: the Adipocytokine signaling 162 pathway, the longevity regulating pathway and the AMPK signaling pathway. Considering the 163 graph generated by linking the whole set of enriched pathways ( Figure 1B) , the three pathways are 164 connected within a chain. All of them are also linked to the insulin signalling pathway (not included 165 in the enriched set). Insulin resistance plays an important role in NAFLD and it is caused by 166 adipocytokines, a specific kind of cytokines secreted by the adipose tissue. Among them, 167
adiponectin is an anti-inflammatory and anti-diabetic adipocytokine that exerts its actions by the 168 activation of adenosine monophosphate (AMP)-activated kinase (AMPK) and PPARα [15] . 169
Interestingly, the PPAR signalling pathway is one of the terms enriched with the network based 170 procedure. 171
Another important cytokine within the adipocytokine pathway is leptin. It binds the leptin 172 receptor (LEP-R) and triggers a phosphorylation chain resulting in the activation of the MAPK 173 pathway [16] . This is another connecting pathway in the network. One of the members of the 174 MAPK pathway, namely the protein kinase c-Jun N-terminal kinase (JNK), is closely related to 175 insulin resistance. Moreover, rat models with activated JNK present phenotypes related to NAFLD, 176 such as hepatocyte fat accumulation and cell injury [13] . 177
In the graph presented in Figure 1B , the MAPK pathway links the adipocytokine and insulin 178 signalling pathways with the Th17 cell differentiation pathway (enriched with the network-based [17] , and the NF-κB pathway is a connecting node. 183
The last term enriched with the network procedure is "Phagosome", that is linked to the other 184 nodes through the "Toll-like receptor signalling pathway". Both these terms computationally 185 derived with NETGE-PLUS suggest the involvement of macrophages in NAFLD, in particular in 186 relation to the reprogramming induced by cytokines. The role of macrophages in NAFDL from 187 initial steatosis to advanced fibrosis has been previously reviewed in Krenkel and Tacke [18] 
